Background. The City of Cape Town (CoCT), South Africa, has collected cause-of-death data from death certificates for many years to monitor population health. In 2000, the CoCT and collaborators set up a local mortality surveillance system to provide timeous mortality data at subdistrict level. Initial analyses revealed large disparities in health across subdistricts and directed the implementation of public health interventions aimed at reducing these disparatities. Objectives. To describe the changes in mortality between 2001 and 2013 in health subdistricts in the CoCT. Methods. Pooled mortality data for the periods 2001 -2004 and 2010 -2013, from a local mortality surveillance system in the CoCT, were analysed by age, gender, cause of death and health subdistrict. Age-specific mortality rates for each period were calculated and agestandardised using the world standard population, and then compared across subdistricts. Results. All-cause mortality in the CoCT declined by 8% from 938 to 863 per 100 000 between 2001 -2004 and 2010 -2013. Mortality in males declined more than in females owing to a large reduction in male injury mortality, particularly firearm-related homicide. HIV/ AIDS and tuberculosis (TB) mortality dropped by ~10% in both males and females, but there was a marked shift to older ages. Mortality in children aged <5 years dropped markedly, mostly owing to reductions in HIV/AIDS and TB mortality. Health inequities between subdistricts were reduced, with the highest-burden subdistricts achieving the largest reductions in mortality. Conclusions. Local mortality surveillance provides important data for planning, implementing and evaluating targeted health interventions at small-area level. Trends in mortality over the past decade indicate some gains in health and equity, but highlight the need for multisectoral interventions to focus on HIV and TB and homicide and the emerging epidemic of non-communicable diseases.
RESEARCH
The monitoring of inequity is an emerging priority for health post-2015, with the sustainable development goals specifically calling for reduction of inequity within and among countries. [1] These go further to highlight the importance of producing reliable data at subnational level, to identify where inequities exist and to ensure that policies reach the most vulnerable populations. Mortality indicators are used as key criteria to assess population health globally. Specifically, child mortality has been used as a universal indicator of inequality because it is sensitive to socioeconomic change and therefore extensively used by international agencies to compare health and socioeconomic progress between regions and individual countries. [2] Since 1994, the South African (SA) government has highlighted the importance of addressing inequities that reflect the legacy of apartheid. Inequalities in provincial mortality in 2000 were highlighted by stark differences in under-5 (U5) mortality, where two of the poorest provinces, KwaZulu-Natal and the Eastern Cape, had rates 2.5 and 2.3 times higher, respectively, than the richest province, the Western Cape. [3] Similar differentials in other key health indictors were also evident; for example, the overall age-standardised mortality rates (ASDMRs) in KwaZulu-Natal and Mpumalanga provinces were 1.5 times higher than in the Western Cape. The average provincial profile, however, masks the variability within a province.
The City of Cape Town (CoCT) is one of the six major metropolitan areas in SA, with a population of ~3.7 million people. Recognising that mortality data are important for monitoring population health and evaluating the impact of health interventions, the CoCT health directorate has collected cause-of-death data from death certificates for many years. From the early 2000s the CoCT, the University of Cape Town (UCT) and the Medical Research Council collaborated to set up a local mortality surveillance system (LMSS) that would address some of the problems with the national vital registration system at the time. [4] These included the long lag time for producing national cause-of-death reports (up to 5 years) and the lack of reporting at subdistrict level, the smallest unit of health management. In addition, the national injury mortality profile is inaccurate because forensic pathologists are reluctant to report the manner of death on the death certificate for fear of contravening section 20.4 of the Inquest Act. [5] The LMSS obtained additional information on manner of death from forensic mortuaries to provide accurate injury mortality statistics. An analysis of these data from 2001 to 2006 identified the leading causes of premature mortality and highlighted the disparities in health between subdistricts in the CoCT, providing valuable information for local health managers. [6] Considerable variation in mortality rates was observed between health subdistricts.
The Department of Health of the Provincial Government of the Western Cape (DoH) joined this collaboration in 2007 and expanded the surveillance to the rest of the Western Cape as part of a provincial project aiming to reduce the burden of disease and promote equity in health. [7, 8] To support this expansion, the CoCT undertook significant IT development of the LMSS, moving from a personal RESEARCH computer-based system to a web-based system. In addition, cause-ofdeath coding was upgraded from manual coding using a shortlist to automated ICD-10 (International Statistical Classification of Diseases and Related Health Problems, 10th revision) coding using IRIS version V4.1.3 (IRIS Institute, DIMDI, Germany). [9] Regular reports on the mortality profile of the city and subdistricts, and later for all subdistricts across the province, were produced and widely used by the health and other sectors in the province, to plan interventions aimed at reducing mortality and improving health.
Objectives
To update the 2001 -2006 analysis and describe the changes in mortality, including child mortality, and health inequities between 2001 and 2013 in the CoCT and subdistricts.
Methods

Study setting
The CoCT still has wide disparities between communities, with the affluent living in developed-world conditions while the poor live in informal housing in crowded and unsanitary conditions. The eight health subdistricts encompass a mix of upper-, middleand low-income areas, including very poor periurban informal settlements. Census 2011 highlighted the socioeconomic inequities between subdistricts, which mirror the mortality differentials, with the percentage of households earning less than the poverty line of ZAR1 320 (USD216) per month ranging from 30% in the more affluent subdistricts to 74% in the poorest (Appendix 1). All supplementary information (Appendices 1 -6) is available online (http://www.mrc.ac.za/bod/coct.htm).
Data sources
Health officials collected copies of death certificates registered at local home offices in the CoCT and captured demographic and cause-ofdeath data into an access-controlled web-based database. In ~70% of the deaths after 2008, the underlying cause was automatically coded to ICD-10 using IRIS software. This required capture of the multiple causes of death using text. The rest were coded manually by DoH staff trained in ICD-10 coding. Before 2007, reported causes of death were coded manually to a shortlist by trained clerks and only the underlying cause was captured. The underlying cause of death is defined in the ICD-10 classification [10] as '(a) disease or injury which initiated the train of morbid events leading directly to death, or (b) the circumstance of the accident or violence which produced the fatal injury' . Forensic mortuary records were obtained annually from forensic pathology services and linked with the death certificate data using unique identifiers that appear in both sets of data, as well as date of birth, date of death, gender and race. The unique identifiers included the death certificate serial number and the mortuary reference number. The anonymised linked data were made available for analysis.
Data processing
To provide useful information for policy-making, deaths with illdefined causes were redistributed proportionally by age and gender across specified causes of death, the assumption being that the cause profile of the ill-defined deaths would match the cause profile of the specified deaths. In addition, certain algorithms were developed to recode causes likely to be misclassified. Where euphemisms for HIV/AIDS such as immunodeficiency, immunocompromised or retroviral disease were reported, these deaths were recoded to HIV/ AIDS throughout both periods. In the second period, hypertension reported alone was treated as an ill-defined cause and redistributed across other specified causes, thus accounting for much of the decline in mortality from hypertension. In addition, where stroke or ischaemic heart disease (IHD) were reported with diabetes mellitus, these deaths were coded to stroke or IHD rather than diabetes, as was done in the first period. It was not possible to recode the causes from the first period, as only the underlying cause code was captured at that stage. To reduce the large proportion (25%) of deaths with illdefined causes among U5 children, [11] record reviews were conducted to identify the cause of death for all ill-defined child deaths reported at forensic mortuaries during the second period. This revealed that a large proportion of sudden unexpected deaths in young children were due to lower respiratory tract infection (LRTI). [11] 
Data analysis
Pooled data from 2001 -2004 and 2010 -2013 were analysed by age, underlying cause of death, gender and subdistrict to reduce the chance of misinterpreting year-on-year variations in single causes, and take account of poor completeness of the data between 2005 and 2009 due to logistical issues affecting the surveillance system. Completeness was assessed by comparing the total deaths reported to the LMSS for the CoCT with totals from the population register of the Department of Home Affairs and vital registration data from Statistics South Africa for the period 2001 -2013 (Appendix 2). [12] Cause-of-death shortlist codes from the period 2001 -2004 were mapped to the National Burden of Disease list, [13] resulting in 67 single causes of death for analysis (Appendix 3). These comprised four broad cause groups: (i) HIV/AIDS and tuberculosis (TB); (ii) pre-transitional causes (other communicable diseases, maternal causes, perinatal conditions and nutritional deficiencies); (iii) noncommunicable diseases (NCDs); and (iv) injuries. Deaths in U5 children were further aggregated into 11 causes including HIV/ AIDS, TB, LRTI, meningitis, diarrhoea, septicaemia, malnutrition, congenital abnormalities, injuries and other. This cause list was adapted from the list used by the Child Health Epidemiology Reference Group. [14] Population estimates for health subdistricts were estimated from Western Cape provincial estimates produced by the Centre for Actuarial Research, UCT, [15] using the ratio method. Age-specific mortality rates (ASMRs) per 100 000 population were calculated and then age-standardised using the world standard population, [16] and compared across subdistricts. Confidence intervals for ASDMRs were calculated using a Poisson approximation method described by Boyle and Parkin. [17] 
Results
The all-cause mortality rate for persons of all ages declined by 8% from 938 to 863 per 100 000 between 2001 -2004 and 2010 -2013 (Table 1) . Mortality rates for males remained higher than those for females, with mortality differentials of 1.6 in 2001 -2004 declining to 1.5 in 2010 -2013, indicating a larger reduction in mortality for males (9.3%) than for females (6.6%) over this period. There were large mortality differentials between subdistricts, with Khayelitsha having 1.9 times the mortality of Northern in the early period. However, reductions in mortality achieved in the three highestburden subdistricts, Khayelitsha, Klipfontein and Mitchell's Plain, were much higher than in the other subdistricts, thus reducing the mortality differentials in the later period ( Table 1) .
All-cause mortality rates declined across all age groups; however, the largest declines occurred in children aged <10 years, followed by young adults between 15 and 34 years of age (Table 2 ). Over the entire period, all-cause mortality rates dropped in U5 children, by 22.5% from 577.6 to 447.6 per 100 000. The largest percentage declines RESEARCH (41.6%, 32.9%) in U5 mortality rates occurred in Khayelitsha and Klipfontein, respectively (Table 3) .
This decline in U5 mortality was mainly due to the almost eight-fold decline in HIV/AIDS mortality in the CoCT, with U5 HIV mortality dropping more than ten-fold in Khayelitsha, Klipfontein, Mitchell's Plain and Western (Fig. 1 ). Smaller declines were noted in diarrhoea, perinatal causes and injuries. Khayelitsha had a particularly dramatic decline in child HIV/AIDS mortality, dropping from 230.5 to 21.1 deaths per 100 000 population in U5 children ( Fig. 1 ), followed by a drop from 191.7 to 15.2 deaths per 100 000 in U5 children in Klipfontein.
The ASMRs for the four broad causes of death in 2001 -2004 and 2010 -2013 are shown in Fig. 2 . Apart from the marked decrease in HIV/AIDS and TB death rates in U5 children, the mortality rates highlight the shift in the HIV/AIDS mortality peak in adults to older ages. This has occurred despite an increase in the prevalence of HIV infection in antenatal women from 8.6% in 2001 to 18.5% in 2010 in the Western Cape. [18] In addition, a marked decrease was noted in male injury death rates from 15 years up, with the largest decline in the 20 -29-year age group. While the injury rates in the oldest age group increased, they are based on smaller numbers of cases and may be related to better-quality information in the latter period. Age-specific mortality rates per 100 000 population were calculated and then age-standardised using the world standard population.
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No significant changes were noted in age-specific death rates due to NCDs and other communicable, maternal, perinatal and nutritional conditions.
HIV/AIDS and tuberculosis
The peak HIV/AIDS and TB mortality rate for adult women decreased slightly from 219.5 to 204.6 per 100 000 population between 2001/04 and 2010/13, and shifted to older ages. In contrast, among adult males the peak mortality rate increased slightly from 263.7 to 268.6 per 100 000, also with a shift to older ages. The subdistrict trends in ASDMRs for HIV/AIDS and TB are shown in Fig. 3 . HIV/AIDS ASDMRs declined significantly between 2001 -2004 and 2010 -2013 in both males and females in Klipfontein and Western and in females in Khayelitsha. Agestandardised TB mortality rates in males in Khayelitsha declined dramatically, with a smaller reduction among Khayelitsha females. A small but significant decline in male age-standardised TB mortality rates occurred in Klipfontein. Across the city the decline in HIV/AIDS and TB all-cause ASDMR accounted for 15.9% of the all-cause ASDMR reduction (data not shown). In Khayelitsha and Klipfontein, however, the decline in HIV/AIDS and TB ASDMRs accounted for 34% and 22% of the ASDMR reduction, respectively (data not shown).
Age-specific HIV/AIDS and TB mortality rates in 2001 -2004 and 2010 -2013 for the three highest-burden subdistricts, namely Khayelitsha, Klipfontein and Mitchell's Plain, are shown in Appendix 4. HIV/AIDS mortality reduced markedly in U5 children in all three subdistricts. There was a marked reduction in the female HIV peak, with a shift to older ages, and a marked reduction in female TB mortality across all ages in Khayelitsha, despite an increase in HIV prevalence from 22% to 37% in antenatal women between 2001 and 2010 [19, 20] and an increase in reported overall TB incidence from 1 255 to 1 444 per 100 000 in Khayelitsha between 2003 and 2010 (Dr Tracey Naledi, personal communication, 30 May 2017). However, there was little change in female TB mortality in the other subdistricts. Among males, the HIV peak increased with a shift to older ages in both Khayelitsha and Mitchell's Plain, and there was a marked reduction in TB mortality across all ages in adult males in Khayelitsha, less so in Klipfontein, and little change in Mitchell's Plain.
Injuries
A closer investigation of male injury death rates by single cause revealed a large decline in homicide ASDMRs (113.3 to 84.5 per 100 000), a slight decrease in road traffic injury ASDMRs (40.1 to 35.3 per 100 000), and a slight increase in suicide ASDMRs (14.0 to 18.7 per 10 000) (Appendix 5).
Firearm-related homicide ASDMRs in the CoCT decreased markedly from 52.5 to 31.5 per 100 000, compared with non-firearm homicide (60.8 to 53.0 per 100 000) ( Fig. 4) . While firearm-related homicide declined across all ages, ASMRs in non-firearm homicide increased slightly from 91.0 to 98.8 per 100 000 between 2001 and 2013, in males 15 -19 years of age (data not shown). Khayelitsha, Klipfontein and Mitchell's Plain subdistricts had the highest agestandardised male homicide mortality rates in 2001 -2004, with significant declines in firearm-related homicide by 2010 -2013, along with the Southern and Western subdistricts (Fig. 4) . In contrast, male firearm-related homicide rates in Tygerberg showed a worrying upward trend, although this did not reach significance. There were small but significant declines in male non-firearm related age-standardised homicide rates in Eastern, Northern and Tygerberg. 
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A comparison of the ASMRs for male firearm-related homicide shows a marked reduction in the peak age group of 20 -24 years in Khayelitsha, Klipfontein and Mitchell's Plain (Fig. 5 ). In contrast, there was very little change in non-firearm homicide rates in Khayelitsha and Mitchell's Plain. However, in Klipfontein, the peak in male non-firearm homicide increased in the 2010 -2013 and shifted to a younger age group.
Other causes of death
The coding changes affecting cardiovascular and metabolic diseases described above make interpretation of the changes between 2001 and 2013 by single cause difficult, particularly for hypertension. However, mortality due to cardiovascular diseases such as stroke and IHD, and due to diabetes mellitus, is becoming more prominent as mortality from injuries and HIV/AIDS and TB decline, with all three appearing among the leading 10 causes of death (Appendix 6). Lung cancer and chronic obstructive pulmon ary disease also rank among the leading causes of death. Increases in ASDMRs for breast, cervical and colorectal cancer were noted in women, while increases in ASDMRs for lung, colorectal and prostate cancer were noted in males (Appendix 5).
Discussion
There have been encouraging declines in mor tality in the CoCT between 2001 -2004 and 2010 -2013, with the largest declines occurring in subdistricts with the lowest socioeconomic status and the highest mortality burden, thus reducing health inequities in the city. The large reduction in child mortality has been particularly impressive in the poorer subdistricts, mainly due to plummeting HIV/AIDS mortality in children resulting from the prevention of mother-to-child transmission (PMTCT) and antiretroviral therapy (ART) rollout. Adult mortality has decreased mainly due to a decline in firearm-related homicide among young adult males, as well as a decline and delay in deaths from HIV/AIDS in young adult males and females. The decline in HIV/AIDS mortality occurred despite the doubling of HIV prevalence in antenatal women in the Western Cape over this period. Nonetheless, the mortality rates still reveal large disparities in health across the subdistricts of the CoCT, with both the ASDMR and the U5 mortality rate for Khayelitsha being 1.7 times that of Southern. However, these ratios have reduced from 1.9 for the ASDMR and 2.4 for U5 mortality in the earlier period. The CoCT has made a concerted effort to reduce health inequities over the past 20 years. The LMSS early results identified high burden subdistricts and the leading causes of mortality, enabling the city to implement interventions to address the leading causes of premature mortality in those areas. These included health system as well as intersectoral interventions.
Health system interventions
PMTCT was implemented in Khayelitsha early in the HIV epidemic (2003). Experienced and dynamic management teams were appointed in high-burden subdistricts in 2005. Special funding streams were identified to increase resources for the TB programme. HIV and TB co-ordinators were capacitated to support both HIV/AIDS and TB programmes, including data management and analysis, to identify gaps for corrective action. Initiatives to expand PMTCT, increase HIV counselling and testing coverage, and improve the diagnosis and treatment outcomes of TB were undertaken across the CoCT.
In Khayelitsha, strong partnerships with non-governmental organisations allowed full integration of HIV/AIDS and TB programmes early in the epidemic. Access to the Global Fund to Fight AIDS, Tuberculosis and Malaria created the 80 new posts, for nurses, pharmacists, clerks and doctors, necessary to expand ART enrolment to all primary healthcare facilities. These posts are gradually being taken over by state health 
Intersectoral interventions
In 2003, in recognition of the limited role that the health department can play in reducing violence, the South African Police Service and the Department of Community Safety were informed of the unacceptably high homicide rates in the CoCT. The provincial police commissioner implemented the People Orientated Sustainable Strategy in 2003. [21] This identified high-priority police stations, including Khayelitsha, Nyanga, Mitchell's Plain, Gugulethu and Kuils River, and implemented measures aimed at decreasing violent crime in the areas served by these stations. These included moving directors from the provincial office to local stations, intensifying deployment, especially during high-crime periods, implementing sector policing, monitoring crime incidents, allocating additional resources, increasing the number of police stations at Khayelitsha from one to three (2005), forging partnerships with communities and opening operational centres in Khayelitsha and Nyanga. In addition, measures were taken to restrict access to alcohol in these areas by identifying and closing down illegal shebeens and enforcing shebeen trading hours. Firearm controls were implemented in SA through the Firearms Control Act of 2000. [22] From 2003, a more restrictive licen sing regimen saw a reduction of 70% in gun licences issued. [23] A reduction in firearm homicide relative to non-firearm homicide corresponding with stricter gun control has been observed nationally, [24] in urban areas [25] and in the case of female homicide, [26] suggesting that the reduction of the numbers of guns in circulation probably played a major role in the decline in firearm homicide in the CoCT.
Despite reductions in mortality from HIV/AIDS and TB and other povertyrelated conditions, the pattern of mortality in the CoCT continues to reflect a quadruple burden of disease, with HIV/AIDS, other communicable diseases, injuries and NCDs all accounting for a significant proportion of deaths. Further declines in child mortality will require interventions targeted at LRTI and perinatal causes of death. Declining mortality from HIV/AIDS, TB and homicide has highlighted the emerging burden of NCDs in adults. In particular, IHD, stroke, diabetes mellitus and cancers of the lung and breast require attention, and mortality rates from breast, cervix, prostate and colon cancer have increased.
Study limitations
This analysis is limited by incompleteness of death reporting to the LMSS, which was low during the years in which mortality peaked in the CoCT (Appendix 2). This has necessitated comparing mortality rates RESEARCH before the peak with rates after the peak, complicating the interpretation of any changes. Changes in coding, from manual coding using a shortlist of 120 causes to automated ICD-10 coding, have complicated the interpretation of changes in single causes which are subject to misclassification because of poor certification practices, particularly for cardiovascular diseases and diabetes mellitus. In addition, no attempt was made to adjust for underreporting of HIV due to misclassification to immediate causes.
Conclusions
Trends in mortality in the past decade indicate some welcome gains in health and equity, particularly among U5 children. Although they show the need for multisectoral interventions to focus on LRTI in children and HIV/AIDS and TB, homicide and injuries and the emerging epidemic of NCDs in adults, the mortality trends also highlight that the greatest reductions have occurred among the poorest communities, despite increasing HIV prevalence and a relatively stable TB reported incidence. This serves as an encouraging finding to policy makers to counter increasing empirical evidence of the 'trickle-down' pattern of health systems strengthening, where improvements often affect better-off groups before they affect poorer groups. [27] Injury mortality rates are still very high compared with global averages, and a recent increase in homicides in the CoCT from 2012 needs urgent attention and investigation. [28] HIV/AIDS and TB mortality rates remain high despite the declining trend, and the large number of people requiring chronic medication for the rest of their lives continues to grow. The NCD epidemic will add to the need for chronic care.
Ongoing monitoring of mortality rates by cause at subdistrict level is essential to ensure that favourable trends persist and that inequities are further reduced. Unfortunately, owing to changes in the regulations pertaining to the Births and Deaths Registration Act [29] promulgated in 2014, access to death certificates has been denied to the City Health directorate by the Department of Home Affairs since February 2014, [30] 
